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[57] ABSTRACT 

Aretaining wall system is comprised of a retaining wall with 
an outer face. A cut is excavated in successive sections to 
form exposed cut faces. The exposed cut face of each 
successively excavated section may be temporarily sup 
ported with pneumatically applied concrete. A concrete wale 
is then formed horizontally along a portion of the exposed 
cut face of each successively excavated section. Next, 
tiebacks are installed through the concrete wale. The tie 
backs are tested, tensioned and secured against the concrete 
wale. After the excavation has been completed and the 
retaining wall formed, an outer face is provided which 
extends to the full height of the retaining wall. A concrete 
footing is ?rst provided at the base of the retaining wall. 
Next, a ?rst tier of facing elements is erected above the 
concrete footing. These facing elements are then secured to 
a ?rst adjacent concrete wale at a ?rst connection point. 
Back?ll material is placed between the ?rst tier of facing 
elements and the retaining wall. Finally, concrete is placed 
between the ?rst tier of facing elements and the retaining 
wall to thereby encase ‘the ?rst connection point. The outer 
face thus effectively ties together the concrete wales and 
tiebacks of the retaining wall to further support the exca 
vated slope. Additional tiers of facing elements are added as 
necessary. Additional vertical support may be provided by 
elongated reinforcement posts disposed between the footing 
and adjacent concrete wales, or by mini-piles. 

’ 61 Claims, 12 Drawing Sheets 
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RETAINING WALL WITH AN OUTER FACE 
AND METHOD OF FORMING THE SAME 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention is directed to a retaining wall 
system. More particularly, the present invention is directed 
to a retaining wall system comprised of a retaining wall and 
an outer face. A method of forming such a retaining wall 
system is also provided. The disclosed retaining wall system 
and method are particularly adapted for use with excavated 
slopes or embankrnents formed in ground formations con 
taining cobbles, boulders, rock, weathered rock, or cemented 
soil. Existing retaining wall structures and methods are 
either incompatible with ground formations containing such 
hard materials or present costly, unattractive or undesirable 
alternatives. 

2. Description of the Prior Art 
Tied Back Walls 
One method of supporting the sides of excavations is to 

use a tied back wall. A tied back wall utilizes a plurality of 
tiebacks. A tieback comprises a grouted anchor installed in 
the ground mass to secure a tendon which applies a force to 
the earth retaining wall. The tiebacks and retaining wall 
support the ground mass behind the wall. 

In a tied back wall, the force necessary to support the side 
of an excavation is applied to the tieback by testing and 
prestressing it against piles installed vertically in the ground 
mass. These vertical piles are commonly known as soldier 
beams. This method consists of the following steps: 

installing a plurality of soldier beams into the soil mass in 
the area of the retaining wall to be formed; 

excavating the ground in front of the wall from the top 
down in successive sections; 

installing wood or precast concrete lagging between the 
soldier beams, or alternatively placing pneumaticaily 
applied concrete or cast-in-place concrete to help sup 
port the exposed face of the excavated section of the 
ground; 

installing tiebacks into the soil mass; 
testing and prestressing the tiebacks against the soldier 

beams; 
repeating the above steps as needed; and 
pouring a ?nal outer layer of concrete over the pilings, 

lagging and tiebacks to form a permanent tied back 
wall. 

U.S. Pat. No. 4,561,804 shows one type of tied back wall. 
The exposed face of the cut is supported in part by vertical 
sheet piles and either timber lagging or a layer of pneumati 
caily applied concrete. The soil is then removed in descend 
ing stages until further support becomes necessary. At this 
point, tiebacks are installed through the sheet piles and into 
the soil mass. The tiebacks are then secured, tested and 
prestressed against the sheet piles. Excavation continues to 
the subgrade while lagging and, if required, more tiebacks 
are installed. A ?nal layer of poured concrete is provided to 
form the ?nished, permanent retaining wall. 
As shown in U.S. Pat. No. 4,561,804, vertically disposed 

sheet piles are driven into the ground mass to support the cut 
in a tied back wall system. While this construction method 
may be effective in ground formations containing soft soil or 
soil-like material, it is entirely inapplicable to a ground 
formation containing cobbles, boulders, rock, weathered 
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2 
rock, or cemented soil. The installation of vertical piling is 
not practical in these applications because the piling cannot 
easily be driven into the rock-hard ground formation. 
Tied Back Element Walls (TE Wall) 
A tied back element wall (TE wall) similarly uses a 

plurality of tiebacks. In a TE wall, the force necessary to 
support the side of an excavation is applied to the tieback by 
testing and prestressing it against retaining elements dis 
posed along the exposed face of the soil mass. This method 
consists of the following steps: 

excavating the ground from the top down in successive 
sections; 

applying a layer or layers of pneumaticaily applied con 
crete to help support the exposed face of the excavated 
section of the ground; 

positioning retaining elements along the exposed face of 
the ground; 

installing tiebacks through the retaining elements and into 
the ground mass; 

testing and prestressing the tiebacks against the retaining 
elements; and 

repeating the above steps as needed until the entire wall 
is constructed. 

TE walls are sometimes advantageous in that they do not 
require the installation of soldier beams. However, a TB wall 
construction is often more costly because the use of tiebacks 
is not optimized. A TE wall frequently requires between ten 
and thirty percent more tiebacks than a tied back wall using 
soldier beams. The additional tiebacks are necessary 
because the pneumatically applied concrete will not provide 
adequate support for the exposed slope face across great 
distances. 

Further, TE walls constructed in ground formations con 
taining cobbles, boulders, rock, weathered rock, or cemented 
soils frequently have an irregular surface. This irregular 
surface results from the inability to excavate a neat vertical 
cut in these types of ground formations. An irregular wall 
surface makes the installation of a permanent wall facing 
dif?cult and costly. Indeed, it is very di?icult to attach a 
permanent face to the numerous discrete elements of the TE 
wall. 
Soil Nail Walls 

Soil nailing is another method which is used to retain the 
ground formed adjacent to an excavated slope. Soil nailing 
methods use untensioned tendons in grout-?lled holes 
drilled into the exposed face of the excavated section of the 
ground. Soil nailing is often preferred over the above 
mentioned tied back walls because soldier beams and timber 
lagging are not required. Soil nailing is often preferred over 
the above-mentioned tied back element wall because it is 
somewhat easier to attach a permanent concrete face to a soil 
nailing wall. This technique is thus less costly. In a soil nail 
wall, an array of nearly horizontal reinforcement rods (soil 
nails) are installed in the ground mass as the excavation 
proceeds downwardly. A reinforced layer of pneumatically 
applied concrete is used to support the exposed face between 
the soil nails. This method consists of the following steps: 

excavating the ground from the top down in successive 
sections; 

applying a layer or layers of pneumatically applied con 
crete to help support the exposed face of the excavated 
section of the ground; 

installing a row of soil nails through the pneumatically 
applied concrete into the ground mass; and 

repeating the above steps as needed. 
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U.S. Pat. Nos. 3,638,435; 3,802,204 and Re. 28,977 are 
exemplary of such a soil nail system. Two layers of pneu 
matically applied concrete are used to form an outer skin for 
an exposed slope wall. Boreholes extend through the skin 
and into the ground adjacent the wall. The boreholes are 
?lled with grout and a reinforcing rod (soil nail) is then 
installed in the hole before the grout sets to form a dowel. 
One end of the rod (soil nail) extends outwardly from the 
skin to facilitate securing the dowel to the outer wall. In one 
embodiment, the rod (soil nail) is secured to the shotcrete 
skin itself via a bearing plate and fastener. In a second 
embodiment, the area surrounding the exposed end of the 
rod (soil nail) is ?lled with shotcrete to form a wale beam. 
The end of the rod (soil nail) is then secured to this shotcrete 
wale beam with the bearing plate and fastener arrangement. 
As shown by the above patents, a soil nail wall depends 

upon a large number of untensioned dowels and a thin 
shotcrete face to support the entire excavated cut. Soil 
nailing is an economical earth retaining method for tempo 
rary and permanent applications in ground formations only 
where the nail holes may be drilled easily. Similarly, per 
manent soil nail walls are economical to construct only in 
soft ground formations where a neat vertical excavation can 
be made. Otherwise, as discussed above with respect to TE 
walls, the irregular surface makes the installation of a 
permanent wall facing difficult and costly. 

U.S. Pat. No. 5,002,436 describes a retaining wall system 
which is comprised of a soil nail wall which is faced with 
precast concrete panels. The facing panels are connected to 
the exposed ends of the soil nails via an adjustable coupling 
means. Back?ll is then placed in the space between the 
exposed face of the excavation and the facing panels. This 
con?guration is disadvantageous in several respects. First, 
the facing panels must necessarily be placed upon one 
another, and thus the completed outer wall must be vertical. 
Second, the required panel to soil nail connection signi? 
cantly increases the overall cost of the retaining wall system. 
Finally, the panel to soil nail connection is embedded in 
back?ll material and thus prone to deterioration from expo 
sure to the environment. 
Tieback Element and Soil Nail Walls (TEN Walls) 

The TEN wall is a combination of the above-described 
tied back element and soil nail methods. A TEN wall is made 
up of a plurality of tiebacks, retaining wall elements and soil 
nails. This method utilizes short soil nails and pneumatically 
applied concrete to temporarily support a section of the soil 
wall to a certain depth. At some point of the excavation, 
when further support becomes necessary to retain the 
ground, a row of tiebacks is added. The soil nails and 
concrete support the ground between tied back elements, 
and both soil nails and tiebacks support over all the exca 
vated face. Thus, shorter soil nails and tiebacks are required 1 
for the completed structure than in a wall built with only soil 
nails or tiebacks. This method consists of the following 
steps: 

excavating the ground from the top down in successive 
sections; 

applying a layer or layers of pneumatically applied con 
crete to help support the exposed face of the excavated 
section of the ground; 

installing soil nails through the pneumatically applied 
concrete and into the ground mass; 

positioning retaining elements along the exposed face of 
the wall; 

installing tiebacks through the retaining elements and into 
the ground mass; 
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4 
testing and prestressing the tiebacks against the retaining 

elements; and 
repeating the above steps as needed. 
In the above described TEN wall method, both the soil 

nails and the tiebacks form a part of the ?nal retaining wall 
support structure. The ultimate strength of the retaining wall 
will thus depend entirely on the strength of the soil nails and 
tiebacks themselves. No further reinforcement to the retain 
ing wall structure is provided. The TEN wall is further 
subject to the limitations of the TB wall and soil nailing 
methods in that an irregular wall surface is formed. 
Prior Art VSL Retaining Wall Methods 

Other earth retaining wall systems and methods exist in 
the prior art which do not use vertically drilled piles or 
soldier beams. One such prior art method is shown at page 
9 (bottom right photograph) of the “Soil and Rock Anchors” 
brochure published by the VSL Corporation. This method 
uses tied back vertical beams of cast-in-place concrete as 
support for an excavated face. These vertical beams are 
cast-in-place along the excavated face as the excavation 
proceeds downwardly. Tiebacks are installed through the 
vertical beams, and reinforcing steel extends from these 
beams. A cast-in-place face is then applied to the retaining 
wall and tied to the steel reinforcements protruding from the 
vertical beams. Walls built with vertical beams in this 
manner are di?icult to construct because the vertical beams 
have to be built in short segments as the excavation pro 
ceeds, resulting in numerous reinforcing bar splices. Vertical 
beams are more expensive to build than horizontal beams 
since the concrete has to be placed using a concrete pump or 
with a concrete bucket and a crane. Vertical beam walls will 
require the tiebacks to be installed as the excavation pro 
ceeds rather than at their optimum location. Vertical beam 
walls are applicable for locations where the ground will 
support itself during construction. Attachment of precast 
concrete wall panels to vertical beams constructed against an 
excavated face is dif?cult and expensive since the front face 
of the beams must be at the proper location in order to allow 
the precast to be attached. Such vertical beam walls are 
relatively high and require long precast panels which are 
heavy and di?icult to ship and handle. 
A second prior art retaining wall method which does not 

use vertically drilled piles or soldier beams is described at 
page 11 of the VSL Newsletter published by the VSL 
Corporation. With this method, an excavated cut is made in 
successive sections from the top down. Each section is fully 
faced with reinforced cast-in-place concrete panels. These 
concrete panels are then secured to the exposed slope face 
via tiebacks. This method of construction is undesirable for 
ground formations containing rock or rock-like material 
since the integrity of a completed section of panels is 
undermined when the excavation of a section therebelow is 
commenced. In addition, this system is extremely expensive 
because the entire slope face must ?rst be covered with 
cast-in-place panels and an additional outer face applied 
subsequently. 

Also shown at page 9 (top photograph) of the VSL 
Corporation brochure entitled “Soil and Rock Anchors” is a 
third prior art retaining wall construction method which does 
not use soldier beams. With this method, horizontal concrete 
tie-beams and tiebacks are used to support an excavation 
made in a rock formation. However, this particular con?gu 
ration is suitable only where the ground formation between 
the tie-beams is capable of supporting itself or where the cut 
face may be ?attened to achieve a stable face. This system 
does not teach the facing of the horizontal tie-beams, nor is 
vertical support provided. 
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Other Prior Art Retaining Wall Methods 
Another prior art retaining wall method utilizes soil nails 

and a layer or layers of pneumatically applied concrete to 
temporarily support the ground behind the earth retaining 
wall. Tiebacks are also installed, and a permanent outer 
concrete wall is poured and cured or attached. This method 
consists of the following steps: 

excavating a soil wall from the top down in successive 
sections; 

applying a layer or layers of pneumaticaily applied con 
crete to help support the exposed face; 

installing soil nails through the pneumaticaily applied 
concrete layer or layers and into the soil mass; 

installing tiebacks through the pneumaticaily applied con 
crete layer or layers and into the soil mass; 

repeating the above steps as needed; 
attaching or pouring and curing an outer layer of concrete; 

and 

testing and prestressing the tiebacks against the outer 
layer of concrete. 

With this method, the tiebacks are tested and prestressed 
against the ?nal outer layer of poured concrete. Because the 
tiebacks are not tested and prestressed until the ?nal outer 
wall is poured and cured, the tiebacks either visibly protrude 
through the completed wall or the wall must be patched at 
each tieback location. In either case the wall is unattractive. 

U.S. Pat. No. 4,911,582 discloses a further prior art 
method which utilizes a concrete replacement wall to 
strengthen, repair or replace an existing earth retaining wall. 
In this method, tiebacks are installed through the exposed 
face and into the soil mass. Preferably, the tiebacks are 
installed in an open area of the existing wall which is ?lled 
with concrete. The tiebacks are then tested and prestressed 
against an anchorhead assembly placed against the existing 
wall. Finally, an outer concrete wall is cast in place over the 
entire exposed face of the wall. The outer wall is reinforced 
with a grid of reinforcing bars, which is positioned before 
the concrete wall is cast. Alternatively, soil nails may be 
used instead of tiebacks. The method thus consists of the 
following steps: 

installing tiebacks (or soil nails) through an existing 
retaining wall and into the ground mass; 

testing and prestressing the tiebacks against the existing 
retaining wall; and 

pouring a concrete wall over the existing retaining wall 
and the exposed end of the tiebacks. 

The above-described method is speci?cally designed for 
shoring up an existing retaining wall, not a newly formed 
embankment. Thus, no excavation takes place and a retain 
ing wall with an outer face is not formed. Rather, the method 
of U.S. Pat. No. 4,911,582 is directed solely to a concrete 
replacement wall which is designed to strengthen, repair or 
replace an existing earth retaining wall. 

It can thus be seen that there is a need for an improved 
method of forming a retaining wall with an outer face. In 
particular, there is a need for a retaining wall system which 
may be formed in ground formations containing cobbles, 
boulders, rock, weathered rock, or cemented soil where the 
installation of vertical piling is impracticable. Such a retain 
ing wall system must be capable of adequately supporting 
the excavated out without the need for soldier beams. In 
addition, such a retaining wall system must be designed to 
overcome the disadvantages inherent in existing prior art 
retaining wall systems by providing a structurally sound 
retaining wall which is less costly to construct and which has 
an outer face which is ultimately pleasing to the eye. 

15 

30 

35 

40 

45 

50 

55 

65 

6 
SUMMARY OF THE INVENTION 

Broadly, the retaining wall system of the present invention 
is comprised of a retaining wall with an outer face. First, a 
retaining wall is formed. In this regard, a cut is excavated in 
successive sections to expose the face of the ground to be 
retained. If the ground conditions require temporary support, 
then the exposed cut face of each successively excavated 
section may be temporarily supported by pneumaticaily 
applied concrete. If temporary support is used, wire mesh is 
preferably used to reinforce the pneumaticaily applied con~ 
crete. Soil nails may also be used to further shore up the 
exposed slope face. A concrete wale is then formed hori 
zontally along a portion of the exposed slope face of each 
successively excavated section. Next, tiebacks are installed 
through the concrete wale. The tiebacks are tested, tensioned 
and secured against the concrete wale. These construction 
steps for the retaining wall are repeated for each succes 
sively excavated section of the slope or embankment until 
the desired depth of the excavation is reached. 

After the excavation has been completed and the retaining 
wall formed, a tiered outer face is provided which extends 
to the full height of the retaining wall. A concrete footing is 
?rst provided at the base of the'retaining wall. Next, a ?rst 
tier of facing elements is erected above the concrete footing. 
These facing elements are then secured to a ?rst adjacent 
concrete wale at a ?rst connection point. Back?ll material is 
placed between the ?rst tier of facing elements and the 
retaining wall. Finally, concrete is placed between the ?rst 
tier of facing elements and the retaining wall to thereby 
encase the ?rst connection point. 
The outer face is designed to extend to the full height of 

the retaining wall. Thus, if the size of the particular retaining 
wall requires such, the outer face may further comprise at 
least one additional tier of facing elements erected above the 
?rst adjacent concrete wale. This additional tier of facing 
elements is secured to either the ?rst adjacent concrete wale 
or to the ?rst tier of facing elements at a second connection 
point. The second connection point and the ?rst adjacent 
concrete wale are encased in the concrete placed between the 
?rst tier of facing elements and the retaining wall. The 
additional tier of facing elements is also secured to a next 
adjacent concrete wale at a third connection point. Addi— 
tional back?ll material is then placed between the additional 
tier of facing elements and the retaining wall. Finally, 
additional concrete is placed between the additional tier of 
facing elements and the retaining wall to thereby encase the 
third connection point. 

Still further additional tiers of facing elements may be 
similarly erected and secured in ascending stages extending 
to the full height of the retaining wall. Further additional 
back?ll material and further additional concrete ?ll is then 
similarly placed between the retaining wall and each further 
additional tier ‘ of facing elements. The outer face thus 
effectively ties together the concrete wales and tiebacks of 
the retaining wall to further support the excavated slope. 
An additional aspect of the present invention is the 

provision of vertical load bearing members. In one embodi 
ment, these load beating members comprise a plurality of 
elongated posts. At least one elongated post extends between 
the ?rst adjacent concrete wale and the base of the retaining 
wall. Additional elongated posts are disposed between adj a 
cent concrete wales extending along the face of the retaining 
wall. These posts thus transmit the vertical component of 
force associated with the tiebacks and the weight of the 
system to subgrade. Importantly, unlike prior art piling or 
soldier beam constructions, the vertical posts of the present 
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invention are not placed until after the slope has been 
excavated and the retaining wall formed. With the prior art 
methods, the drilling of vertical pilings or soldier beams is 
often impracticable in ground formations containing 
cobbles, boulders, rock, weathered rock, or cemented soil. 
By contrast, erection of the posts of the present invention is 
unhindered even when the retaining wall system is practiced 
in di?icult ground formations. 

In an alternative embodiment of the present invention, the 
vertical load bearing members comprise mini-piles installed 
in a drilled hole behind the face of the cut. 

The present invention overcomes many of the disadvan 
tages of the prior art retaining wall systems. Initially, the 
present invention overcomes the disadvantages associated 
with the tied-back wall method because no vertical pilings or 
soldier beams need be installed. Rather, pneumatically 
applied concrete may be used to temporarily shore up the 
embankment, and tiebacks and concrete wales are used to 
form the retaining wall. An outer face is then erected which 
eifectively ties together the concrete wales and tiebacks of 
the retaining wall to further support the excavated slope. 
Additional vertical reinforcement is provided in the present 
invention by elongated reinforcement posts which extend 
between adjacent wales. These posts are placed only after 
the excavation has been completed and the retaining wall 
formed. In providing for a structurally sound retaining wall 
without using vertically drilled piling, the present invention 
may thus be used to face excavations in areas with ground 
formations containing cobbles, boulders, rock, weathered 
rock, or cemented soil. 
The present invention also overcomes many of the dis 

advantages of the TE wall. In a TE wall, a great number of 
tiebacks must be used because the pneumatically applied 
concrete will not provide adequate support across a wide 
area of the slope face. The present invention utilizes a Wale 
which allows the tiebacks to be located at their optimum 
spacing thus reducing the number of tiebacks. The addition 
of the vertical load bearing member allows the tiebacks to be 
installed at a steeper angle which is often advantageous. 
Further, the installation of the facing elements is easier with 
the present invention than with the TE wall. 
The present invention is similarly superior to the prior art 

soil nailing methods. The method of the present invention is 
less expensive than soil nailing for temporary and permanent 
applications in ground formations where the nail drilling is 
expensive because it requires approximately 33 percent less 
drilling. The present invention also overcomes the disad~ 
vantages associated with the irregularly shaped wall surface 
formed with the soil nailing methods since the installation of 
facing elements is much easier in the TE wall 
The present invention also presents numerous advantages 

to the construction method shown in U.S. Pat. No. 5,002, 
436. In particular, the outer face of the present invention may 
be con?gured in a variety of orientations other than vertical 
since the facing elements need not be stacked directly upon 
one another. Also, the connection of the facing elements to 
the wales and to one another is less complex and costly than 
that shown by U.S. Pat. No. 5,002,436. Finally, the facing 
element and soil nail connections of the present invention 
are advantageously embedded within concrete material, and 
thus are protected from deterioration due to exposure to the 
environment. 

The present invention also overcomes disadvantages 
associated with the prior art TEN wall method. With the 
TEN wall, both soil nails and tiebacks are used to form a 
?nal retaining wall support structure. With the present 
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8 
invention, soil nails are not necessarily required. Rather, 
temporary support if required may be provided by pneu 
matically applied concrete alone, while the retaining wall 
itself is formed by the tiebacks and the concrete wales. Soil 
nails, if used, provide only temporary support to shore up the 
exposed slope face. By contrast, soil nails are necessary in 
the prior art TEN walls to provide adequate permanent 
support across the face of the slope to the ultimate depth of 
the excavation. With the present invention, the need for soil 
nails is obviated by the erection of an outer face and by the 
provision of additional support via the elongated vertical 
posts. The prior art TEN walls fail to provide for vertical 
support as in the present invention. 

Notably, the prior art TEN walls include no outer face 
whatsoever. Rather, the exterior surface of the prior art TEN 
walls is comprised of pneumatically applied concrete, 
retaining elements, and exposed tiebacks and soil nails. 
Thus, unlike the present invention, the prior art TEN walls 
fail to include an outer face made up of a plurality of facing 
elements effectively tied to the retaining wall to present an 
attractive exterior surface. 

The present invention is similarly superior to the various 
VSL construction methods discussed above. The present 
invention is superior to the vertical beam method since it 
allows the beams to be cast horizontally without reinforcing 
bar splices and expensive concrete placing methods. Also, 
the location of the back face of the ?nished wall does not 
require the horizontal beams to be installed along the precise 
alignment of the wall, i.e., the horizontal beams of the 
present invention may move in and out of the slope. Further, 
with the present invention, the tiebacks may be placed at 
their optimum locations, and the wall may be economically 
built in ground which requires support during construction. 
Finally, the present invention uses relatively short tiered 
precast panels which are cheaper to manufacture and easier 
to ship and handle than the large panels required by this prior 
art method. 

Further, as noted above, the second VSL method is highly 
undesirable for ground formations containing cobbles, boul 
ders, rock, weathered rock, or cemented soil because the 
integrity of a completed retaining wall section is undermined 
by the commencement of the excavation of a section ther 
ebelow. The second VSL method is also extremely expen 
sive because the entire slope face must ?rst be covered with 
cast-in-place panels and an additional outer face applied 
subsequently. 
The third VSL retaining wall construction method dis 

cussed above is suitable only for ground formations with 
certain characteristics. Unlike the present invention, no outer 
face is provided with this method, and the wall is suitable for 
use only where the ground formation between the tie-beams 
is capable of supporting itself or where the cut face may be 
?attened to achieve a stable face. The present invention, on 
the other hand, incorporates an outer face made up of a 
plurality of facing elements disposed between horizontal 
concrete wales which further support the excavated slope. 
Thus, the present invention is suitable for use with ground 
formations other than those containing entirely solid rock or 
rock-like material. 

As discussed above, the method of U.S. Pat. No. 4,911, 
582 is speci?cally designed for use with an existing retain 
ing wall. Hence, since no excavation takes place, this 
method does not provide for the temporary shoring up of an 
excavated slope or the formation of a speci?c retaining wall. 
The present invention, on the other hand, is speci?cally 
designed to provide a retaining wall with an outer face to 
support a newly excavated cut in the ground. 
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In the remaining retaining wall method discussed above, 
the tiebacks are tested and prestressed against the ?nal outer 
concrete wall. Thus, the ends of the tiebacks visibly protrude 
through the completed wall. The present invention, on the 
other hand, places concrete wales along the face of the 
retaining wall so that each tieback can be tested and pre 
stressed before the outer face is provided. In this manner, the 
tiebacks of the present invention are not visible in the 
completed retaining wall structure. The resulting retaining 
wall system with facing elements has a smooth exterior 
surface which is attractive and more pleasing to the eye. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The novel features of the invention are set out with 
particularity in the appended claims, but the invention will 
be understood more fully and clearly from the following 
detailed description of preferred embodiments of the inven 
tion as set forth in the accompanying drawings, in which: 

FIG. 1 is a sectional view of the retaining wall utilized in 
the retaining wall system of the present invention; 

FIG. 2 is a partial perspective view of a ?rst embodiment 
of the retaining wall system of the present invention show 
ing the retaining wall and outer face; 

FIG. 3 is a sectional view of a second embodiment of the 
retaining wall system of the present invention showing the 
retaining wall and outer face; 

FIG. 4 is a sectional view of a third embodiment of the 
retaining wall system of the present invention showing the 
retaining wall and outer face; 

FIG. 5 is a sectional view of a fourth embodiment of the 
retaining wall system of the present invention showing the 
retaining wall and outer face; 

FIG. 6 is a partially broken away sectional view of a ?fth 
embodiment of the retaining wall system of the present 
invention showing the retaining wall and outer face; 

FIG. 7 is a partially broken away view of the cut as seen 
laterally along the excavation showing the tiebacks and 
concrete wales of the retaining wall system of the present 
invention; 

FIG. 8 is a partially broken away sectional view showing 
the area of the connection of the retaining wall and outer 
face of the retaining wall system of the present invention in 
greater detail; 

FIG. 9 is a partially broken away sectional view showing 
the area of the connection of the tieback and the concrete 
wale of the retaining wall system of the present invention in 
greater detail; 

FIG. 10 is a partially broken away sectional view showing 
the retaining wall system of the present invention at the 
subgrade level; 

FIG. 11 is a sectional view of a further alternative 
embodiment of the retaining wall system of the present 
invention showing the retaining wall and outer face; 

FIG. 12 is a partially broken away sectional view showing 
a further alternative embodiment of the facing element and 
wale connection of the present invention in greater detail. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The present invention is directed to a retaining wall 
system and method. Prior art tiedback retaining walls for 
retaining an earth mass during excavation typically incor 
porate vertical structural members such as steel soldier 
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10 
beams or reinforced concrete piers. After the vertical mem 
bers are in place, tiebacks are used to provide horizontal 
restraint for the vertical members. These vertical members 
are installed by either driving with percussion or vibratory 
hammers in the case of H-beams, or by inserting the steel or 
reinforced concrete in a predrilled hole in the ground. In 
ground formations which contain cobbles, boulders, 
cemented soil, weathered rock, or rock, the installation of 
vertical members is difficult and expensive. The present 
invention eliminates the need for the installation of vertical 
members through difficult ground formations. Broadly, the 
retaining wall system is comprised of a retaining wall and an 
outer face. This retaining wall system is particularly well 
suited for use with ground formations containing cobbles, 
boulders, cemented soil, weathered rock, or rock. A typical 
application for the retaining wall system of the present 
invention is to support newly formed slopes or embank 
ments in such ground formations alongside roadways. 
A retaining wall (20) formed in accordance with the 

retaining wall system of the present invention is shown 
generally in FIG. 1. In forming the retaining wall (20), an 
existing ground formation (10) is excavated in successive 
sections to form newly exposed cut faces (21). For example, 
three successively excavated sections are shown in FIG. 1 to 
form an excavated face in the ground to a desired depth. As 
the excavation proceeds, the exposed cut face (21) of each 
successively excavated section may be temporarily sup 
ported with pneumatically applied concrete (22). In cuts 
formed in strong ground formations, the exposed cut faces 
(21) may not require temporary support. However, in areas 
where the exposed slope faces (21) are comprised in whole 
or in part of loose soil or loose rock, temporary support of 
the face (21) while the excavation proceeds may become 
necessary. If so, the slope face (21) may be temporarily 
supported with conventional pneumatically applied concrete 
(22), such as shotcrete, gunite, or ?ber reinforced pneumati 
cally applied concrete. Most preferably, if temporary support 
is required, wire mesh (23) is placed within the pneumati 
cally applied concrete (22) to provide reinforcement as 
shown in FIGS. 8 and 10. In addition, soil nails (100) may 
also be used to further support the exposed cut face. 

Once the depth of an excavated section has been reached, 
and, if required, after temporarily supporting the exposed cut 
face (21), a concrete wale (25) is then formed. Each wale 
(25) extends substantially horizontally along a portion of the 
exposed slope face (21) of each successively excavated 
section. The wales (25) may be formed from cast-in-place 
reinforced concrete, pre-cast reinforced concrete, cast-in 
place post~tensioned concrete, or other suitable material. 
Next, tiebacks (26) are installed through the concrete wale 
(25). The particular tiebacks (26) utilized may be of any 
suitable conventional tendon or rod con?guration, such as 
those fabricated in accordance with the Speci?cations for 
Permanent Ground Anchors of the AASHTO-AGC-ARTBA 
Joint Committee, Task Force 27 Report, January 1990. 
Finally, the tiebacks (26) are tested, tensioned and secured 
against the concrete wale (25). These construction steps for 
the retaining wall are repeated for each successively exca 
vated section of the slope or embankment until the desired 
depth of the excavation is reached. 
As shown in FIG. 2, once the excavation has reached the 

desired ?nal depth and the retaining wall (20) has been 
completed, an outer face (30) is provided which extends to 
the full height of the retaining wall (20). A concrete footing 
(31) is ?rst provided at the base of the retaining wall (20). 
As shown in FIG. 3, if the retaining wall system of the 
present invention is utilized alongside a roadway, this con 
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crete footing (31) will be formed at the subgrade level (SG), 
somewhat below the ?nished grade (FG) of the roadway 
surface. 

Next, a ?rst tier of facing elements (320) is erected above 
the concrete footing (31). The facing elements (32a) may be 
formed from precast concrete panels, masonry, gabions, or 
other suitable construction elements. As shown in FIG. 2, 
these facing elements (32a) are secured to a ?rst adjacent 
concrete wale (25a) by a connector (33a). Back?ll material 
(34a) is then placed between the ?rst tier of facing elements 
(32a) and the retaining wall. Preferably, the back?ll material 
(34a) is a free-draining granular material. Finally, concrete 
(35a) is placed between the ?rst tier of facing elements (32a) 
and the retaining wall (20) to thereby encase the tieback (26) 
connection to the wale (25a) and the connector (33a). 
As shown in FIG. 2, connector (33a) thereby secures the 

?rst tier of facing elements to the retaining wall. This 
connector may take any of a number of conventional forms 
which will be fully appreciated by those skilled in the art. 
For example, as shown more clearly in FIG. 8, the connector 
may comprise a plurality of overlapping plates (90) which 
extend from the ?rst tier of panels (32a) and from the wale 
(25a), and which are welded together in a conventional 
manner. This welded connection is then encased in the 
concrete (35a). As discussed more fully below, this encase 
ment of the connection is highly advantageous. A further 
potential connector con?guration (37) is shown in FIG. 8 in 
the area of the next adjacent concrete wale (25b). With this 
arrangement, a plurality of studs or hook bars (95) extend 
from the wale (25b) and from the additional tier of facing 
elements (32b). Additional steel reinforcement (96) is pro 
vided, and the concrete (35b) is poured to form a connector 
comprised of reinforced concrete. 
The outer face (30) is designed to extend to the full height 

of the retaining wall (20). Thus, as shown in FIG. 3, if the 
size of the particular excavation and retaining wall (20) 
require such, the outer face (30) may further comprise at 
least one additional tier of facing elements (32b) erected 
above the ?rst adjacent concrete wale (25a). This additional 
tier of facing elements (32b) is secured to the ?rst tier of 
facing elements (32a) by a connector (36a), the connector 
(36a) and the connector (33a) being encased in the concrete 
(35a) placed between the ?rst tier of facing elements (32a) 
and the retaining wall (20). The additional tier of facing 
elements (32b) is also secured by connector (33b) to a next 
adjacent concrete wale (25b) located above the ?rst adjacent 
concrete wale (25a). Additional back?ll material (34b) is 
then placed between the additional tier of facing elements 
(32b) and the retaining wall (20). Finally, additional con 
crete (35b) is placed between the additional tier of facing 
elements (32b) and the retaining wall (20) to thereby encase 
the third connection point (33b). Connector (36a) may take 
any of a number of conventional forms as discussed above 
with respect to FIG. 8 and connector (33a). That is, con 
nector (36a) may be formed from welded plates encased in 
the concrete (35a), or a plurality of studs or hooks and 
reinforcing steel may be provided such that the connector 
(36a) is comprised of reinforced concrete. 

FIG. 12 illustrates an alternative embodiment of the 
present invention wherein the additional tier of facing ele 
ments (32b) is secured to the ?rst adjacent concrete wale 
(25a) rather than to the ?rst tier of facing elements (32a). 
The additional tier of facing elements (32b) is received in 
and secured by a recessed area (150) of the ?rst adjacent 
concrete wale (25a). 

FIGS. 4 and 5 show embodiments of the present invention 
utilizing further additional tiers of facing elements similarly 
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erected and secured in ascending stages extending to the full 
height of a retaining wall (20). In FIG. 4, a further additional 
tier of facing elements (32c) is erected above the next 
adjacent concrete wale (25b). This further additional tier of 
facing elements (32c) is secured to the tier of facing ele 
ments (32b) therebelow by connector (36b), the connector 
(36b) and connector (33b) being encased in the concrete 
(35b) placed between the tier of facing elements (32b) 
therebelow and the retaining wall (20). The further addi 
tional tier of facing elements (32c) is also secured to a next 
adjacent concrete wale (25c) by connector (33c). Additional 
back?ll material (34c) is then placed between the further 
additional tier of facing elements (32c) and the retaining 
wall (20). Finally, additional concrete (35c) is placed 
between the additional tier of facing elements (32c) and the 
retaining wall (20) thereby encasing the connector (33c). 

FIG. 5 shows a still further additional tier of facing 
elements (32d) for a retaining wall of a greater height. In 
FIG. 5, a still further additional tier of facing elements (32d) 
is erected above the next adjacent concrete wale (250). This 
further additional tier of facing elements (32d) is secured to 
the tier of facing elements (320) therebelow by connector 
(36c), the connector (36c) and connector (33c) being 
encased in the concrete (35c) placed between the tier of 
facing elements (320) therebelow and the retaining wall 
(20). The still further additional tier of facing elements (32d) 
is also secured to a next adjacent concrete wale (25d) by 
connector (33d). Additional back?ll material (34d) is then 
placed between the still further additional tier of facing 
elements (32d) and the retaining wall (20). Finally, addi 
tional concrete (3511) is placed between the additional tier of 
facing elements (32d) and the retaining wall (20) to thereby 
encase connector (33d). 

As can be seen from FIGS. 4-5, the retaining wall system 
of the present invention may be utilized with an excavation 
of any desired depth. A cut is merely excavated in successive 
sections and the retaining wall suitably formed in stages 
along each successively exposed slope. Once the desired 
depth is reached and the retaining wall is complete, an outer 
face is formed by erecting successive tiers of facing ele 
ments in ascending stages until the full height of the retain 
ing wall is reached. 

FIG. 6 shows a partially broken away sectional view of a 
further alternative embodiment of the retaining wall system 
of the present invention. This embodiment differs in that the 
ground formation (10) includes an excavated stepped section 
such that an exposed horizontal shelf (28) is formed in the 
face of the out. In all other respects, the retaining wall and 
outer face are essentially formed in accordance with the 
embodiments discussed above. For example, FIG. 6 shows 
the pneumatically applied concrete (22), tiebacks (26), and 
concrete wales (25b, 25c) of the retaining wall (20). In 
addition, the outer face (30) of this embodiment is shown to 
include a plurality of tiers of facing elements (32b, 32c) and 
the accompanying connectors (33b, 33c, 36b), back?ll (34b, 
34c), and concrete encasements (35b, 350). The only differ 
ence associated with the construction of this embodiment is 
the provision of additional back?ll material (340) in the area 
above the horizontally formed shelf (28). 
An additional aspect of the present invention is the 

provision of vertical load bearing members. In one embodi 
ment, the vertical load bearing members comprise elongated 
posts (40). As shown in FIG. 3, elongated posts (40a) extend 
between the ?rst adjacent concrete wale (25a) and the 
footing (31) at the base of the retaining wall (20) at the 
subgrade level (SG). As shown in FIGS. 4-5, additional 
elongated posts (40b, 40c) are disposed between adjacent 








